3745-1-37 Methodol ogy for deriving bioaccunul ati on factors.

(A)

(B)

The purpose of this rule is to describe procedures for
deriving bioaccunul ation factors (BAFs) to be used in the
cal cul ation of human health tier | criteria and tier |1
values and wildlife tier | criteria. A subset of the human
health BAFs are also used to identify the chemcals that are
consi dered bi oaccunul ati ve chem cal s of concern (BCCs).

Revi ew and sel ecti on of dat a.

(1) Field-nmeasured BAFs. The follow ng procedural and
qual ity assurance requirenents shall be net for field-
measur ed BAFs.

(a) The field studies used shall be |imted to those
conducted in the Geat Lakes systemwth fish in
trophic levels three and/or four.

(b) The trophic level of the fish species shall be
det er m ned.

(c) The site of the field study shall not be so unique
such that the BAF cannot be extrapol ated to other
| ocations where the criteria and values w |

apply.

(d) For organic chemcals, the per cent lipid shall be
ei ther neasured or reliably estimted for the
tissue used in the determnation of the BAF.

(e) The concentration of the chemcal in the water
shal |l be neasured in a way that can be related to
particul ate organi c carbon (POC) and/or dissolved
organi ¢ carbon (DOC) and shall be relatively
constant during the steady-state tinme period.

(f) For organic chemcals with log K,, greater than
four, the concentrations of POC and DOC in the
anbi ent water shall be either neasured or reliably
esti mat ed.

(g) For inorganic and organic chem cals, BAFs shall be
used only if they are expressed on a wet wei ght
basi s; BAFs reported on a dry wei ght basis cannot
be converted to wet wei ght unless a conversion
factor is neasured or reliably estimated for the
tissue used in the determ nation of the BAF.

(2) Field-nmeasured biota-sedi nent accunul ation factors
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(3)

(BSAFs). The foll ow ng procedural and quality
assurance requirenents shall be net for field-neasured
BSAFs.

(a) The field studies used shall be |imted to those
conducted in the Geat Lakes systemwth fish in
trophic levels three and/or four.

(b) Sanples of surface sedinents shall be from
| ocations where there is net deposition of fine
sedi ment (zero to one centineter is ideal) and
that are representative of average surface
sedinments in the vicinity of the organism

(c) The K,s used shall be of acceptable quality as
described in paragraph (B)(6) of this rule.

(d) The site of the field study shall not be so unique
such that the resulting BAF cannot be extrapol ated
to other locations where the criteria and val ues

wll apply.

(e) The trophic level of the fish species shall be
det er m ned.

(f) The per cent lipid shall be either neasured or
reliably estimated for the tissue used in the
determ nation of the BAF.

Labor at ory- neasured BCFs. The foll ow ng procedural and
qual ity assurance requirenents shall be net for
| abor at ory- neasur ed BCFs.

(a) The test organismshall not be di seased,
unheal thy, or adversely affected by the
concentration of the chem cal.

(b) The total concentration of the chemcal in the
wat er shall be neasured and shall be relatively
constant during the steady-state tinme period.

(c) The organisns shall be exposed to the chem ca
using a flowthrough or renewal procedure.

(d) For organic chemcals, the per cent lipid shall be
ei ther measured or reliably estimated for the
tissue used in the determ nation of the BCF

(e) For organic chemcals with log K,, greater than
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(4)

()

(9)

(h)

(i)

(J)

(k)

four, the concentrations of POC and DOC in the
test solution shall be either neasured or reliably
esti mat ed.

Labor at ory- neasured BCFs shoul d be determ ned
using fish species, but BCFs determned with
nmol l uscs and ot her invertebrates may be used if
appropri ate.

In a bioconcentration test, if |aboratory-neasured
BCFs i ncrease or decrease as the concentration of
the chem cal increases in the test solutions, the
BCF neasured at the | owest test concentration that
i s above concentrations existing in the control

wat er shall be used (i.e., a BCF shall not be
calculated froma control treatnment). The
concentrations of an inorganic chemcal in a

bi oconcentration test shall be greater than nornal
background | evels and greater than |levels required
for normal nutrition of the test species if the
chemcal is a mcronutrient, but below |l evels that
adversely affect the species.

For inorganic and organic chem cals, BCFs shall be
used only if they are expressed on a wet wei ght
basis. BCFs reported on a dry wei ght basis cannot
be converted to wet wei ght unless a conversion
factor is neasured or reliably estimated for the
tissue used in the determ nation of the BAF.

BCFs for organic chem cals may be based on

measur enent of radioactivity only when the BCF is
intended to i nclude netabolites or when there is
confidence that there is no interference due to
met abol i t es.

The cal cul ation of the BCF shall address growh
di I ution.

O her aspects of the nethodol ogy used shall be
simlar to those described in “Standard Practice
for Conducting Bi oconcentration Tests with Fi shes
and Sal twater Bivalve Mlluscs. Standard E 1022.
American Society for Testing and Material s,

Phi | adel phia, PA. (1990)”.

Predicted BCFs. The follow ng procedural and quality
assurance requirenents shall be net for predicted BCFs.
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(a) The K,, used shall be of acceptable quality as
described in paragraph (B)(5) of this rule.

(b) The predicted baseline BCF shall be cal cul at ed
usi ng the equation

Pr edi ct ed baseline BCF = K,,

Wer e:

Ko = octanol -water partition coefficient.
(5) OCctanol-water partition coefficient (K,).

(a) The value of K,, used for an organi c chem cal
shall be determined by giving priority to the
experinmental and conputational techniques used as
shown in table 37-1 of this rule.

(b) A value of K, that seens to be different fromthe
ot hers may be considered an outlier and not used.
The val ue of K,, used for an organi c chem cal
shall be either the geonetric nmean of the
avai l abl e K,,s with highest priority or the
arithnetic nean of the available log K,s with the
hi ghest priority. Because it is an internediate
value in the derivation of a BAF, the val ues used
for the K,, and | og K,, of a chem cal shall not be
rounded to fewer than three significant digits
after the decimal point.

(C Baseline BAFs shall be derived using the follow ng four
nmet hods, which are listed fromnost preferred to | east
preferred.

(1) A neasured baseline BAF for an organic or inorganic
chem cal derived froma field study of acceptable
qual ity.

(2) A predicted baseline BAF for an organic chem cal
derived using field-nmeasured BSAFs of acceptable
qual ity.

(3) A predicted baseline BAF for an organic or inorganic
chem cal derived froma BCF neasured in a |aboratory
study of acceptable quality and a FCM

(4) A predicted baseline BAF for an organic chem cal
derived froma K,, of acceptable quality and a FCM
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(D

For conparative purposes, baseline BAFs shall be derived for
each chem cal by as many of the four nethods as avail abl e
data al | ow.

Cal cul ati on of baseline BAFs for organic chem cals.
(1) Lipid normalization.

(a) It is assuned that BAFs and BCFs for organic
chem cal s can be extrapol ated on the basis of per
cent lipid fromone tissue to another and from one
aquatic species to another in nost cases.

(b) Because BAFs and BCFs for organic chem cals are
related to the per cent lipid, it does not nmake
any difference whether the tissue sanple is whol e
body or edible portion, but both the BAF (or BCF)
and the per cent lipid nust be determ ned for the
sanme type of tissue. The per cent lipid of the
ti ssue shoul d be neasured during the BAF or BCF
study, but in sone cases it may be reliably
estimated from neasurenents on tissue from ot her
organisnms. |If per cent lipid is not reported for
the test organisns in the original study, it may
be obtained fromthe author. |In the case of a
| aboratory study, lipid data for the sanme or a
conpar abl e | aboratory popul ation of test organi sns
that were used in the original study may be used.

(c) The lipid-nornmalized concentration (G) of a
chemcal in tissue is defined using the equation

C

B
CQ:f_

0

VWher e:

C, = concentration of the organic chemcal in the
ti ssue of aquatic biota (either whol e
organi smor specified tissue) expressed in
m crograns per grany and

f, = fraction of the tissue that is |ipid.

(2) Bioavailability. By definition, baseline BAFs and BCFs
for organic chem cals, whether neasured or predicted,
are based on the concentration of the chemcal that is
freely dissolved in the anbient water in order to
account for bioavailability. For the purposes of this
rule, the relationship between the total concentration
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(3)

6

of the chemcal in the anbient water (i.e., that which
is freely dissolved plus that which is sorbed to
particul ate organi c carbon or to dissolved organic
carbon) to the freely dissolved concentration of the
chem cal in the anbient water shall be cal cul ated using
the equation

Cod = (f9) (C))

w

Wher e:

cd = freely dissolved concentration of the organic
chem cal in the anbient water;

C, = total concentration of the organic chem ca
in the anbient water; and

fifg = fraction of the total chemcal in the anbient

water that is freely dissol ved.

The fraction of the total chem cal in the ambi ent water
that is freely dissolved (f{y), shall be cal cul ated
usi ng the equation

1
e — ()
1+ 10 — + (PQC) (K,,)

Wher e:

DOC = concentration of dissolved organic carbon,
expressed as kil ograns of dissolved organic
carbon per liter of water;

Kew = octanol -water partition coefficient of the
chem cal ; and

PCC = concentration of particul ate organi c carbon,
expressed as kil ograns of particul ate organic
carbon per liter of water.

Food-chain multiplier (FCM. In the absence of a

field-masured BAF or a predicted BAF derived froma
BSAF, a FCM shall be used to cal cul ate the baseline BAF
for trophic levels three and four froma | aboratory-
measured or predicted BCF. For an organic chem cal
the FCM used shall be derived fromtable 37-2 of this
rule using the chemcal's log K,, and |inear
interpolation. A FCMgreater than 1.0 applies to nost
organic chemcals with a |log K,, of four or nore. The
trophic | evel used shall take into account the age or
size of the fish species consuned by the human, avian
or manmal i an predat or.
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Cal cul ation of a baseline BAF froma fiel d-neasured
BAF. A baseline BAF shall be calculated froma field-
measur ed BAF using the equation

Basel i ne BAF =

Measur ed BAF | 1 1
i T,

fd

Wher e:

BAF, = BAF based on total concentration in tissue
and wat er;

f, = fraction of the tissue that is lipid; and

fig = fraction of the total chemcal that is freely

di ssolved in the anmbi ent water.

The trophic level to which the baseline BAF applies is
the sane as the trophic |level of the organisns used in
the determ nation of the field-nmeasured BAF. For each
trophic level, a species nean neasured baseli ne BAF
shal |l be cal cul ated as the geonetric nean if nore than
one neasured baseline BAF is available for a given
species. For each trophic level, the geonetric nmean of
t he speci es nmean neasured baseli ne BAFs shall be
calculated. |If a baseline BAF based on a neasured BAF
is available for either trophic level three or four,
but not both, a neasured baseline BAF for the other
trophic | evel shall be calcul ated using the ratio of
the FCVs that are obtained by |inear interpolation from
table 37-2 of this rule for the chem cal

Cal cul ation of a baseline BAF froma fiel d-neasured
BSAF.

(a) A baseline BAF for organic chemcal "i" shall be
calculated froma field-nmeasured BSAF of
acceptable quality using the equation

( BSAF). - (K
(BSAF), - (K

(Basel i ne BAF). = ( Baseline BAF) . -

Wer e:
(BSAF);, = BSAF for chemcal "i";
(BSAF), = BSAF for the reference chemcal "r"

(Kewi = octanol-water partition coefficient for



3745-1-37

(b)

(c)

(d)

(e)

chemcal "i"; and
(Kew: = octanol -water partition coefficient for
the reference chemcal "r"

A BSAF shall be cal cul ated using the equation

CQ
BSAF =
CSC£
Wer e:
G = the lipid-normalized concentration of
the chemcal in tissue; and
Coe = t he organi c carbon-normalized
concentration of the chemcal in
sedi nment .

The organi c carbon-normalized concentration of a
chem cal in sedinment (Cy), shall be cal cul ated
usi ng the equation

C
_ S
C&x - T“
oC
Wher e:
(0N = concentration of chem cal in sedi nment
(expressed as m crograns per gram
sedi nent); and
fe = fraction of the sedinent that is organic

car bon.

Predicting BAFs from BSAFs requires data froma
steady-state (or near steady-state) condition

bet ween sedi nent and anbient water for both a
reference chemical "r" with a field-nmeasured BAF
and other chemcals "N=i" for which BSAFs are to
be det erm ned.

The trophic level to which the baseline BAF
applies is the sane as the trophic |evel of the
organi sns used in the determ nation of the BSAF.
For each trophic level, a species nean baseline
BAF shall be cal cul ated as the geonetric nmean if
nore than one baseline BAF is predicted from BSAFs
for a given species. For each trophic level, the
geonetric nean of the species nean baseli ne BAFs
derived using BSAFs shall be cal cul at ed.
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(6)

(7)

(f) |If a baseline BAF based on a neasured BSAF is
avai l able for either trophic level three or four,
but not both, a baseline BAF for the other trophic
| evel shall be calculated using the ratio of the
FCMs that are obtained by linear interpolation
fromtable 37-2 of this rule for the chem cal

Cal cul ati on of a baseline BAF froma | aboratory-
measured BCF. A baseline BAF for trophic |evel three
and a baseline BAF for trophic | evel four shall be
cal cul ated froma | aboratory-neasured BCF of acceptable
quality and a FCM usi ng the equation

Basel i ne BAF = ( FCM)

Measur ed BCF L 1
f T

fd

Wher e:

BCF, = BCF based on total concentration in tissue
and wat er;

f, = fraction of the tissue that is |ipid;

fifg = fraction of the total chemcal in the test
water that is freely dissolved; and

FCM = the food-chain nultiplier obtained fromtable

37-2 of this rule by linear interpolation for
trophic level three or four, as necessary.

For each trophic level, a species nean baseli ne BAF
shal | be calculated as the geonetric nean if nore than
one baseline BAF is predicted from | aboratory-neasured
BCFs for a given species. For each trophic level, the
geonetric nean of the species nean baseli ne BAFs based
on | abor at ory-neasured BCFs shall be cal cul at ed.

Cal cul ation of a baseline BAF from an oct anol - wat er
partition coefficient. A baseline BAF for trophic

| evel three and a baseline BAF for trophic |evel four
shall be calculated froma K,, of acceptable quality
and a FCM usi ng the equation

Basel i ne BAF = (FCM (predicted basel i ne BCF)

(FCM (Kow)

VWher e:

FCM = the food-chain nultiplier obtained fromtable
37-2 of this rule by linear interpolation for
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trophic level three or four, as necessary;
and

Kew = octanol -water partition coefficient.

(E) Human health and wildlife BAFs for organic chem cals.

(1)

(2)

To cal cul ate human health and wildlife BAFs for an
organic chemcal, the K, of the chem cal shall be used
with a POC concentration of 0.00000004 kg/l and a DOC
concentration of 0.000002 kg/l to yield the fraction
freely dissolved (f;y) using the equations

1
fm =
(DOC) (K,,)
1 + 10 0 + ( ch:) ( KOW)
_ 1
(0.000002 kg/L) (K__)
1+ - + (10.00000004 kg/L) (K,,)
1

1 + (0.00000024 kg/ L) (K_,)

The human health BAFs for an organic chem cal shall be
cal cul ated using the equati ons.

(a) For trophic level three

Human heal t h BAF =

1] (f1a)
And

= [(baseline BAF)(0.0182)+

(b) For trophic level four

Human heal t h DA

1] (fa)
Wher e:

= [(basel i ne BAF)(0.0310)+

0.0182 and 0.0310 are the standardi zed fraction
lipid values for trophic levels three and four,
respectively, that are used to derive human health
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(3)

11

criteria and values pursuant to rule 3745-1-38 of
the Adm ni strative Code.

The wildlife BAFs for an organic chem cal shall be
cal cul ated using the foll owm ng equati ons:

(a) For trophic level three:

Widlife ™2 = [(baseline BAF)(0.0646)+

1] (f1a)

(b) For trophic level four:

Widlife rma
1] (f¢q)

VWher e:

= [(basel i ne BAF)(0.1031)+

0. 0646 and 0.1031 are the standardi zed fraction
lipid values for trophic levels three and four,
respectively, that are used to derive wildlife
criteria pursuant to rule 3745-1-39 of the

Adm ni strati ve Code.

(F) Human health and wildlife BAFs for inorganic chem cals.

(1)

(2)

For inorganic chem cals, the baseline BAFs for trophic
| evel s three and four are both assuned to equal the BCF
determ ned for the chemcal with fish, i.e., the FCMis
assunmed to be 1.0 for both trophic levels three and
four. However, a FCM greater than 1.0 m ght be
applicable to sone netals, such as nercury, if, for
exanpl e, an organonetallic formof the netal

bi omagni fi es.

BAFs for human health criteria and val ues.

(a) Measured BAFs and BCFs used to determ ne human
heal th BAFs for inorganic chem cals shall be based
on edible tissue of freshwater fish unless it is
denonstrated t hat whol e-body BAFs or BCFs are
simlar to edible-tissue BAFs or BCFs. BCFs and
BAFs based on neasurenents of aquatic plants and
i nvertebrates should not be used in the derivation
of human health criteria and val ues.

(b) If one or nore field-nmeasured baseline BAFs for an
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(3)

(c)

BAFs

(a)

(b)

12

i norgani c chem cal are avail able from studies
conducted in the Geat Lakes systemw th the
edi ble tissue of fish

(1) For each trophic level, a species nean
measur ed baseline BAF shall be cal cul ated as
the geonetric nmean if nore than one neasured
BAF is available for a given species; and

(1i) For each trophic level, the geonetric nean of
t he speci es nean neasured basel i ne BAFs shal
be used as the human health BAF for that
chem cal

| f an acceptabl e neasured baseli ne BAF i s not
avai l abl e for an inorganic chem cal and one or
nor e accept abl e edi bl e-portion | aboratory-neasured
BCFs are available for the chem cal, a predicted
basel i ne BAF shall be cal cul ated by nmul tiplying
the geonetric nmean of the BCFs tinmes a FCM  The
FCM shall be 1.0 unless chem cal -specific

bi omagni fication data support using a nultiplier
other than 1.0. The predicted baseline BAF shal
be used as the human health BAF for that chem cal

for wildlife criteri a.

Measured BAFs and BCFs used to determne wildlife
BAFs for inorganic chem cals shall be based on
whol e- body freshwater fish and invertebrate data
unless it is denonstrated that edible-tissue BAFs
or BCFs are simlar to whol e-body BAFs or BCFs.

I f one or nore field-neasured baseline BAFs for an
i norgani c chem cal are avail able from studies
conducted in the G eat Lakes systemw th whole
body fish or invertebrates:

(1) For each trophic level, a species nean
measur ed baseline BAF shall be cal cul ated as
the geonetric nmean if nore than one neasured
BAF is available for a given species;

(1i) For each trophic level, the geonetric nean of
t he speci es nean neasured basel i ne BAFs shal
be used as the wildlife BAF for that
chem cal ; and

(ti1) 1If an acceptabl e neasured baseli ne BAF is not
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(G

avai l abl e for an inorganic chem cal and one
or nore acceptabl e whol e-body | aborat ory-
measured BCFs are available for the chem cal
a predi cted baseline BAF shall be cal cul ated
by multiplying the geonetric nean of the BCFs
times a FCM  The FCM shall be 1.0 unl ess
chem cal -specific biomagnification data
support using a nultiplier other than 1.0.
The predicted baseline BAF shall be used as
the wildlife BAF for that chem cal

Final review. For both organic and inorganic chem cals,
human health and wldlife BAFs for both trophic | evels shal
be reviewed for consistency with all avail abl e data
concerning the bioaccumul ati on, bioconcentration, and

nmet abol i sm of the chem cal. BAFs derived in accordance with
t hi s met hodol ogy shall be nodified if changes are justified
by avail abl e dat a.
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Table 37-1. Priorities for
t echni ques for organic chem cals.

14

Ko experinmental and conputati onal

Priority _
Techni que
Log K,, £ 4.0|Log K,, > 4.0

1 1 Slowstir

1 1 Gener at or - col um

1 4 Shake- f | ask

2 2 Rever se-phase |iquid chromatography
on C18 chr omat ogr aphy packing with
extrapol ation to zero per cent
sol vent

3 3 Rever se-phase |iquid chromatography
on C18 chr omat ogr aphy packi ng
w t hout extrapolation to zero per
cent sol vent

4 5 Cal cul ated by the CLOGP program (a
conput er program avail able from
Ponmona col | ege)
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Tabl e 37-2. Food-chain nmultipliers for trophic levels 2, 3 and 4.

Trophi ¢ Trophic! Trophic Trophi ¢ Trophic! Trophic
Log K,, level 2 level 3 level 4 Log K,, level 2 level 3 level 4

2.0 1. 000 1. 005 1. 000 6.0 1. 000 10. 556  15. 996
2.5 1. 000 1.010 1. 002 6.1 1. 000 11.337 17.783
3.0 1. 000 1.028 1. 007 6.2 1. 000 12.064  19. 907
3.1 1. 000 1. 034 1. 007 6.3 1. 000 12.691 21.677
3.2 1. 000 1. 042 1. 009 6.4 1. 000 13.228 23.281
3.3 1. 000 1. 053 1.012 6.5 1. 000 13.662 24.604
3.4 1. 000 1. 067 1.014 6.6 1. 000 13.980 25.645
3.5 1. 000 1. 083 1.019 6.7 1. 000 14.223  26. 363
3.6 1. 000 1.103 1.023 6.8 1. 000 14.355 26. 669
3.7 1. 000 1.128 1. 033 6.9 1. 000 14.388 26. 669
3.8 1. 000 1.161 1. 042 7.0 1. 000 14.305  26. 242
3.9 1. 000 1.202 1. 054 7.1 1. 000 14.142  25. 468
4.0 1. 000 1. 253 1.072 7.2 1. 000 13.852 24.322
4.1 1. 000 1.315 1. 096 7.3 1. 000 13. 474  22. 856
4.2 1. 000 1. 380 1.130 7.4 1. 000 12.987 21.038
4.3 1. 000 1.491 1.178 7.5 1. 000 12.517  18. 967
4.4 1. 000 1.614 1.242 7.6 1. 000 11.708 16. 749
4.5 1. 000 1. 766 1.334 7.7 1. 000 10.914  14. 388
4.6 1. 000 1. 950 1.459 7.8 1. 000 10. 069 12. 050
4.7 1. 000 2.175 1. 633 7.9 1. 000 9. 162 9. 840
4.8 1. 000 2.452 1.871 8.0 1. 000 8.222 7.798
4.9 1. 000 2.780 2.193 8.1 1. 000 7.278 6. 012
5.0 1. 000 3.181 2.612 8.2 1. 000 6. 361 4.519
5.1 1. 000 3. 643 3. 162 8.3 1. 000 5. 489 3.311
5.2 1. 000 4.188 3.873 8.4 1. 000 4. 683 2.371
5.3 1. 000 4. 803 4.742 8.5 1. 000 3. 949 1. 663
5.4 1. 000 5. 502 5.821 8.6 1. 000 3. 296 1.146
5.5 1. 000 6. 266 7.079 8.7 1. 000 2.732 0.778
5.6 1. 000 7.096 8. 551 8.8 1. 000 2. 246 0.521
5.7 1. 000 7.962 10. 209 8.9 1. 000 1. 837 0. 345
5.8 1. 000 8. 841 12. 050 9.0 1. 000 1.493 0. 226
5.9 1. 000 9.716 13. 964

[y

The FCMs for trophic level 3 are the geonetric mean of the FCMs for scul pin
and al ewife.
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